INTRODUCTION
Nitrogen (N) is an essential element throughout plant growth and development as it is a constituent of 67 many biomolecules (Hawkesford et al., 2012) . Plants can use both inorganic and organic sources of 68 N from the soil but nitrate (NO 3 -) is the main form taken up and assimilated by most crop plants 69 (Nacry et al., 2013) . Soil NO 3 -concentration is often the major nutrient factor limiting the growth 70 and yield of crop plants as it fluctuates dramatically in both time and space. From few µM, it can 71 reach the range of 1-10 mM following fertilizer application or a burst of nitrification 72 Glass, 1998, Miller et al., 2007) . To cope with this, plants are able to quickly modulate their NO 3 -73 acquisition efficiency according to changes both in their own internal N status and in the external 74 NO 3 -availability (Forde 2002) . In particular, low N status of the whole plant leads to a fast up-
75
regulation of root NO 3 -uptake systems (Lejay et al., 1999 , Nacry et al., 2013 , and a stimulation of 76 root growth for improved foraging of the soil (Forde 2002 , Hermans et al., 2006 . In addition, plants areas of the soil (Drew, 1975 , Burns et al., 1991 , Gansel et al., 2001 , Forde, 2002 , Zhang et al., 2007 , 83 Gojon et al., 2009 , Ruffel et al., 2011 , Nacry et al., 2013 , Mounier et al., 2014 , O'Brien et al., 2016 .
84
Compelling evidence indicates that the membrane NO 3 -transporter NRT1.1 (CHL1/NPF6.3), first 85 identified as an influx carrier participating in the root uptake of NO 3 - (Tsay et al., 1993, Liu & Tsay, 86 2003), plays a crucial role in the sensing and signaling mechanisms triggering many adaptive 87 responses to changes in external NO 3 -availability (Gojon et al., 2009; , Nacry et al., 2013 88 Forde 2014; Bouguyon et al., 2015) . In most cases, the signaling action of NRT1.1 appears to be 89 independent from its NO 3 -transport activity, leading to the proposal that it acts as a NO 3 -transceptor,
90
with a dual transporter/sensor function (Remans et al., 2006 , Walch-Liu & Forde, 2008 2009, Wang et al., 2009 , Krouk et al., 2010 , Gojon et al., 2011 , Bouguyon et al., 2015 . The role of 92 NRT1.1 as a NO 3 -sensor is complex because it is able to activate different physiological or 93 developmental responses to NO 3 -through several independent sensing/signaling mechanisms that can 94 be uncoupled by point mutations in the protein (Bouguyon et al., 2015) . In particular, NRT1.1 is transport and assimilation that are induced by NO 3 -itself (Ho et al., 2009 , Wang et al., 2009 . The 97 exact mechanism of NRT1.1-dependent gene induction by NO 3 -is still unclear, but it has been 5 recently proposed to involve phospholipase C and calcium as a second messenger (Riveras et al., 99 2015) . In addition, NRT1.1 is a master player in the NO 3 -regulation of root system architecture as it 100 governs LR growth in response to NO 3 - (Remans et al., 2006 , Krouk et al., 2010 Mounier et al., 101 2014; Bouguyon et al., 2015) .
102
Lateral roots form post-embryonically from pericycle cells and develop through a series of well-103 defined stages, from the initiation of a LR primordium (stage I) to its emergence out of the parent 104 root (Stage VIII) (Casimiro et al., 2003Malamy, 2005 Malamy and Benfey, 1997; Péret et al., 2009) .
105
In this process auxin has been shown to play a central role, controlling each step of LR primordium
106
(LRP) development (Dubrovsky et al., 2008; Benkova et al., 2003; Bhalerao, 2002; Fukaki et al., 107 2007; Fukaki and Tasaka, 2008; Ljung et al., 2001) . Within the LRP, an auxin gradient is 108 progressively established with a maximum at the apex that is required for proper growth of the LRP 109 (Benkova et al., 2003) . A "fountain model" was proposed for auxin flow in LRP, postulating that 110 auxin coming from the primary root enters LRP through the inner cell layers (acropetal flow),
111
reaches the apex where it accumulates and is redirected to the main root via the outer cell layers
112
(basipetal flow) (Benkova et al., 2003) .
113
Within this general scheme, we recently proposed a model for the mechanism by which NRT1.1
114
regulates LR growth in response to NO 3 - (Krouk et al., 2010; Bouguyon et al., 2015) . Briefly, using
115
heterologous expression systems, we found that NRT1.1 not only transports NO 3 -but also auxin. The 116 auxin influx activity of NRT1.1 is however inhibited by NO 3 -in a concentration-dependent manner.
117
On the other hand, we observed that NRT1.1 acts as a repressor of LRP emergence at low NO 3 -118 availability, and that this repressive effect is associated with a strong NRT1. as those recorded in NRT1.1 null (chl1) mutants (Bouguyon et al., 2015) .
129
However, this model suffers from a major paradox that requires clarification to understand how 130 NRT1.1 precisely controls LR growth in response to NO 3 -. Indeed, there is a strong discrepancy 6 both at whole root level (Tsay et al., 1993 , Wang et al., 1998 , Okamoto et al., 2003 and in LRPs 133 (Guo et al., 2001 , Guo et al., 2002 , Remans et al., 2006 , Mounier et al., 2014 , whereas it has the 134 most striking effect on LR growth in the absence of NO 3 - (Krouk et al., 2010; Bouguyon et al., 135 2015) .
136
In the current work, we thus aimed at investigating the spatio-temporal pattern of NRT1. In our previous report (Krouk et al., 2010) Krouk et al., (2010) .
169
Unexpectedly, when seedlings were cultivated on N-free medium, a strong NRT1.1-GFP signal was (Tsay et al., 1993 , 201 Wang et al., 1998 , Okamoto et al., 2003 , even in LRPs from the earliest stages of development 202 where pNRT1.1 was shown to be activated by NO 3 - (Guo et al., 2001 , Guo et al., 2002 , Remans et 203 al., 2006 , Krouk et al., 2010 , Mounier et al., 2014 . This suggests the occurrence of post-
204
transcriptional regulatory mechanisms uncoupling protein expression from promoter activity.
205
To delineate at which level the potential regulation occurs, we isolated LRP-enriched samples from 206 roots of plants grown with or without NO 3 -, using the gravistimulation method (Lucas et al., 2008) suggest that this ion has a specific negative effect on NRT1.1 protein synthesis and/or stability.
219
However, even if the gravistimulation method is highly efficient for harvesting LRP-enriched 220 samples, it is not possible to rule out the hypothesis that part of the NRT1.1 mRNA quantified in the 221 above experiments was extracted from other tissues than LRPs. Therefore, to unambiguously 222 suppress the transcriptional level of regulation by NO 3 -, we used transgenic lines expressing a
In our growth culture conditions, as previously reported by Zuo et al., (2000) , estradiol In our previous reports (Krouk et al., 2010; Bouguyon et al., 2015) , we proposed that NRT1.1 Arabidopsis (Krouk et al., 2006 , Remans et al., 2006 , Walch-Liu et al., 2008 , Ho et al., 2009 , Wang 307 et al., 2009 , Krouk et al., 2010 , Hachiya et al., 2011 , Mounier et al., 2013 , Bouguyon et al., 2015 Riveras et al., 2015) . These studies have also highlighted the complexity of the sensing function of regulated auxin transport activity (Krouk et al., 2010) .
319
Our work now provides evidence that the sensing/signaling function of NRT1.1 also involves an to modulate LRP development.
326
As mentioned earlier, the role of NRT1.1 in regulating LRP development only in the absence, or at 327 low NO 3 -availability, seemed in marked contradiction with the fact that NRT1.1 gene expression is 328 strongly induced by NO 3 - (Tsay et al., 1993 , Wang et al., 1998 , Okamoto et al., 2003 
23
The Arabidopsis thaliana accessions used in this study were columbia (Col-0). The pDR5::VENUS
420
(Brunoud et al., 2012) tagged line was used and crossed with the chl1-5 mutant (Tsay et al., 1993) .
421
Homozygous plants for both chl1-5 mutation and tagged line were screened on F2 and F3 offsprings 422 by PCR for chl1-5 deletion as described in Mounier et al., (2014) and fluorescence.
423
The NRT1.1 tagged lines were pNRT1.1::NRT1.1-GFP (Krouk et al., 2010) Seedlings were grown and root system architecture was analyzed as described in Krouk et al., (2010) .
Gln for each experiment as described in figure's DNase treated (Qiagen) purified using an RNeasy MinElute Cleanup Kit (Qiagen) and reverse Olympus BH2 microscope (Olympus, Japan) and Hamamatsu ORCA-ER camera (Hamamatsu,
485
Japan) and images analysed with ImageJ software (Schindelin et al.; 2012) . mCherry was excited unemerged primordia stage IV to VI, emerged primordia and growing lateral roots (+/-0,5mm).
511
Values are the mean of 8-12 plants from two independent experiments and are normalized to Col
512
(error bars are s.e.). For each tissue, data were analyzed through one-way ANOVA, followed by a
513
Tuckey test as a post hoc analysis are statistically significant at p < 0.05. as described by Malamy and Benfey (1997) . The asterisk visualizes the location of the LRP. The 
561
The model depicts four different levels of regulation of NRT1.1 expression by NO 3 -,
562
depending on the root tissues: promoter activity, mRNA accumulation, protein accumulation and 563 transport activity. This model postulates that NO 3 -stimulates NRT1.1 promoter activity (Guo et al., 564 2001, Guo et al., 2002 , Remans et al., 2006 , Mounier et al., 2014 and increases mRNA stability (this and activity between these tissues. On the one hand NO 3 -represses NRT1.1 protein accumulation
568
(this work) and NRT1.1 auxin transport activity (Krouk et al., 2010) supply, as an influx transporter involved in NO 3 -uptake (Tsay et al., 1993) and as a NO 3 -sensor, in 578 particular triggering expression of other genes of the NO 3 -assimilation pathway (Ho et al., 2009 , 579 Wang et al., 2009 
